A novel bacterial strain, designated S5H2222
The genus Lysinibacillus belongs to the family Bacillaceae of the phylum Firmicutes, and was proposed for a newly described species Lysinibacillus boronitolerans, and two former species of the genus Bacillus, Bacillus fusiformis and Bacillus sphaericus, were also transferred to this genus [1] . The members of this genus are typically characterized by rod-shaped cells with A4a-type (Lys-Asp) cell-wall peptidoglycan structure. The genus Lysinibacillus consists of 23 species, the most recently recognized being Lysinibacillus acetophenoni, Lysinibacillus alkaliphilus, Lysinibacillus louembei and 'Lysinibacillus xyleni' [2] [3] [4] [5] . Members of this genus have been isolated from diverse environments such as soil [1, 2, [6] [7] [8] , rhizosphere soil [9] , compost [10] , surface water [11] , fermented foods [3, 12] , inner tissues of plants and human beings [13, 14] , organic solvents [4, 5] , and electronic-waste-contaminated river sediment [15] . Cellular phones are universally owned communication devices. The number of cellular phones is almost the same as the total human population of the world and is expected to increase to 1.5 cellular devices per capita by 2020 [16] . They are accessed almost everywhere, be it at the dinner table, in the kitchen, the gym, or even the toilet, resulting in continuous exposure of cellular phones to different types of microorganisms. Results from a recent study indicated that the cellular phones carry the personal microbiome of their owners [17] . To investigate the microbial diversity from screens of cellular phones using a culture-based approach, 27 phones were sampled in Pune, India. Sterilized cotton swabs moistened by dipping in 1 ml saline solution were used to isolate microorganisms from the screens of cellular phones. The swabs were further suspended in same saline solution (0.85 %, w/v, NaCl), and an aliquot of 100 µl of it was spread over agar plates of four media, brain-heart infusion agar (BHIA; M211A, Himedia), MacConkey's agar (MH081, Himedia), sabouraud dextrose agar (SDA; M063, Himedia) and tryptone soya agar (TSA; M290, Himedia), and plates were incubated at 30 C. Based on the morphological differences 515 bacterial and 28 fungal isolates were obtained. Bacterial isolates were processed for MALDI-TOF MS based characterization. T belongs to the genus Lysinibacillus but is different from the known species of the genus Lysinibacillus and represents a novel species.
S5H2222
T was isolated using BHIA and subcultured several times on TSA before preservation in 20 % (v/v) glycerol suspensions at À80 C. To determine the 16S rRNA gene sequence, genomic DNA was extracted from the bacterial strain and was purified as described by Marmur [18] . The 16S rRNA gene sequence was amplified using universal primers (27f: 5¢-AGAGTTTGATCCTGGCTCAG-3¢ and 1492r: 5¢-TACGGCTACCTTGTTACGACTT-3¢) according to the methods described by Gulati et al. [19] and the amplified product was directly sequenced using ABI PRISM Big Dye Terminator v3.1 Cycle Sequencing kit on a 3730xl Genetic Analyzer (Applied BioSystems). The newly generated sequence of the 16S rRNA gene of 1484 base pairs of S5H2222
T was used to perform a similarity search against the database of type strains of prokaryotic species with validly published names available in the EzTaxon server (http://www.ezbiocloud.net/eztaxon; [20] T and its nearest neighbours retrieved from the EzTaxon server and phylogenetic analysis were performed using MEGA software (version 7.0) [21] . Distances were calculated using Kimura's two-parameter method [22] , and clustering with the neighbour-joining, maximum-parsimony and the maximum-likelihood algorithms. Bootstrap values were determined based on 1000 replications. The 16S rRNA gene sequence of Paenibacillus polymyxa DSM 36 T was used as an outgroup. A phylogenetic tree reconstructed on the basis of 16S rRNA gene sequences, placed S5H2222
T independently among all strains, with close similarity to L. halotolerans LAM612 T , L. chungkukjangi 2RL32 T and L. sinduriensis BLB1 T (Fig. 1) . A common node was obtained by all treeing methods (NJ, ML and MP) and L. halotolerans LAM612 T , was confirmed as having the closest phylogenetic affinity among these strains. Based on the results of phylogenetic analysis, the type strains of three closely related species were selected for detailed comparative analyses. T were also incubated under anaerobic conditions using Anaerobic System Mark II (LE002; Himedia) to check anaerobic growth ability. Gram-staining and spore-staining were conducted using Gram-staining and endosporestaining kits (K001 and K006; Himedia) following the manufacturer's instructions. Cell motility was confirmed by the development of turbidity throughout a tube containing semi-solid medium [23] . Cell morphology was observed by light microscopy and scanning electron microscopy. For scanning electron microscopy, bacterial cells were fixed on cover slips using glutaraldehyde fixative (2.5 %) and rinsed three times in 0.2 M cacodylate buffer (prepared by dissolving 4.28 g sodium cacodylate in 80 ml distilled water, adjusting the pH to 7.4 with HCl then making the volume up to 100 ml with distilled water). Samples were dehydrated with a graded series of ethanol (50, 75, 85, 95 and 100 %) and critical-point dried, mounted on scanning electron microscope stubs, and coated with gold by a sputter coating unit at 10 Pascal vacuum for 10 s (E1010 ion sputter, Hitachi). The images of cells were captured on a scanning microscope (S3400N, Hitachi) at an acceleration voltage of 30.0 kV. Oxidase reagent (55 635, bioM erieux) was used for testing oxidase activity, and catalase activity was determined by bubble formation in a 3 % (v/v) H 2 O 2 solution. To determine the temperature range for growth, cells were grown in tryptone soya broth (TSB) at 4, 10, 15, 20, 30, 37, 45 and 55 C for 72 h. Growth at 0-10 % w/v NaCl (with an increase of 0.5 %) concentrations was determined at 30 C in broth medium that contained all of the constituents of TSB, except NaCl, supplemented with appropriate concentrations of NaCl. The pH range for growth was determined from pH 4 to 11 (at intervals of 0.5 pH units) using the buffer system described by Xu et al., [24] in TSB. The strain was characterized biochemically using the API 50CH and API ZYM systems (50 300 and 25 200, bioM erieux) as recommended by the manufacturer. Oxidation or reduction of carbon sources was determined by using the Biolog GN III characterization system according to the manufacturer's protocol.
T was determined to be a Gram-stain-positive, aerobic (as no growth was observed under anaerobic conditions), motile, rod-shaped (2.0-4.0 µm), and formed a terminal spherical spore with a swollen sporangium (Fig.  S1 , available in the online Supplementary Material). Colonies of S5H2222
T grown on TSA medium at 30 C for 2 days were circular, convex, with undulate margins and pale white (Fig. S2) . Growth was observed in the range of 10-55 C and pH 5-9. The strain could grow in medium without NaCl and tolerated up to 10 % NaCl. The growth ranges for temperature, pH and NaCl concentration in the cases of Lysini-
T and L. sinduriensis KACC 16611 T were consistent with the ranges reported earlier [8, 12, 25] . The strain showed positive results for oxidation/reduction of L-rhamnose, D-fructose 6-phosphate, glycyl-L-proline, L-alanine, L-glutamic acid, D-galacturonic acid, L-galactonic acid lactone, D-glucuronic acid, glucuronamide, acetoacetic acid and acetic acid in Biolog GN III plates (Table S1 ). In addition to this, the strain also showed weak reactions for Dgalactose, inosine, L-histidine, L-serine and L-lactic acid. The strain could resist various chemicals, including sodium lactate 1 %, guanidine HCl, nalidixic acid, lithium chloride, potassium tellurite, aztreonam and sodium butyrate. Results of API Zym tests are given in Table S2 . Other physiological properties are given in the species description and results of comparative differentiating tests are given in Table 1. Polar lipids were extracted, examined by using two-dimensional TLC and identified using standard procedures [26] . Polar lipids were separated by using two-dimensional TLC (silica-gel plate 60; Merck). The first direction was developed in chloroform/methanol/water (65 : 25 : 4 v/v) and the second was developed in chloroform/methanol/acetic acid/ water (80 : 12 : 15 : 4 v/v). Total lipids and specific functional groups were detected by using molybdenum blue (Zinzadze)-reagent (phosphate groups), ninhydrin reagent (amino groups), molybdatophosphoric acid-reagent (total lipids), and a-naphthol-reagent (glycolipids). For analysis of fatty acids, the strains were cultured on trypticase soy agar (Difco) at 28 C for 24 h. Preparation and analysis of fatty acid methyl esters were performed as described by Sasser [27] by using the Microbial Identification System (MIDI) and the Microbial Identification software package (Sherlock version 6.1; MIDI database, TSBA6). The Identification Service of the DSMZ (Braunschweig, Germany) performed the analysis of peptidoglycan structure with cell biomass obtained from cultures grown in nutrient broth at 28 C for 24 h. The cell-wall peptidoglycan of S5H2222 T was isolated and its structure analysed by using published protocols [28] . Quantitative analysis of the peptidoglycan amino acids was performed by GC-MS according to a previously published 
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method [29] . Quinones of S5H2222
T were prepared and analysed by HPLC according to the methods described by Minnikin et al. [26] and Tindall [30] . The cells were hydrolysed (0.5 M H 2 SO 4 , 100 C, 2 h) and the sugars were analysed by TLC on cellulose plates according to the protocol of Staneck and Roberts [31] .
To differentiate the strains based on their ribosomal proteins, all strains were cultivated simultaneously on TSA agar plates. After 48 h of growth, cultures were subjected to whole-cell protein extraction using ethanol/formic acid as described in the users' manual of MALDI Biotyper 3.1 (Bruker Daltonik) and extracts were analysed by matrixassisted laser desorption/ionization time-of-flight mass spectrometry (MALDI-TOF MS) (autoflex speed; Bruker Daltonik). Three biological replicates from each sample were created and analysed to test the reproducibility of the procedure. A volume (1 µl) of protein extract was spotted onto the sample target and after drying the spots were covered with 1 µl a-cyano-4-hydroxycinnamic acid (CHCA) (saturated matrix solution in 50 % acetonitrile and 2.5 % trifluoroacetic acid). MALDI Biotyper 3.1 and FlexControl software were used for data acquisition and analysis. Bacterial Test Standard (Bruker Daltoni) was used as an external reference to calibrate the instrument, with a peak assignment tolerance of 250 p.p.m. Multiple spectra were acquired for S5H2222 T and reference strains, and mean spectra profiles (MSPs) were generated using Biotyper 3.1 software following the stepwise strategy described by Rahi et al. [32] . The newly generated MSP of strains were compared and a principal component analysis (PCA) dendrogram was generated by using Biotyper 3.1.
The polar lipids of S5H2222
T were diphosphatidylglycerol (DPG), phosphatidylglycerol (PG), phosphatidylethanolamine (PE), four unidentified polar lipids (Fig. S3) T ; and L. sinduriensis KACC16611 T from the profiles reported previously [8, 12, 25] . The fatty acid profile of S5H2222
T was characterized by branched saturated fatty acids including iso-C 15 : 0 (29.8 %), anteiso-C 15 : 0 (16.9 %), iso-C 16 : 0 (16.6 %), anteiso-C 17 : 0 (11.3 %), iso-C 17 : 0 (6.3 %) and iso-C 14 : 0 (3.6 %) ( Table 2 ). In addition to this, saturated fatty acid C 16 : 0 (4.2 %), and monounsaturated fatty acids C 16 : 1 !7c alcohol (4.8 %) and C 16 : 1 !11c (3.4 %) were also present in the strain. The major fatty acids profile of S5H2222
T was similar to those of the members of the genus Lysinibacillus, but differences were observed in their quantities. Overall the fatty acid profile of S5H2222
T is close to that of L. halotolerans JCM 19611 T , except for the quantities of anteiso-C 15 : 0 , anteiso-C 17 : 0 , C 16 : 1 !7c alcohol, C 16 : 1 !11c and C 16:0. Significant differences were observed in cellular fatty acids of L. halotolerans reported in this study to the composition reported by Kong et al. [8] , and this difference could be due to the difference in the incubation temperature of the strains. The total hydrolysate (4 M HCl, 16 h at 100 C) of the peptidoglycan contained the amino acids alanine (Ala), glutamic acid (Glu) and lower amounts of lysine (Lys) and aspartic acid (Asp). In addition, the peptide L-Lys-D-Asp was detected, which was relatively stable under the conditions of the total hydrolysis (100 C, 4 M HCl, 16 h). The identities of all amino acids were confirmed by agreement by comparing the gas chromatographic retention time with those of authentic standards and the molar amino acid ratio was Ala (1. T , which is the characteristic of the members of the genus Lysinibacillus [1] . The only menaquinone detected was MK-7 for S5H2222 T , which is similar to all closely related species and to the type species of the genus Lysinibacillus [1, 8, 12, 25] . The whole cell-wall sugars of S5H2222
T were glucose, and traces of galactose, arabinose and ribose, and were similar to those of L. halotolerans JCM 19611 T obtained in this study (Table 1) . Xylose was not observed in the cell-wall sugar profile of L. halotolerans JCM 19611 T in this study, which was reported as a major cell-wall sugar for this species earlier by Kong et al. [8] . The database search of MALDI-TOF MS spectra of S5H2222
T and related reference strains did not result in any match as the Bruker Biotyper database version 3.1 only has MALDI-TOF MS profiles for two species of the genus Lysinibacillus, namely Lysinibacillus contaminans and Lysinibacillus manganicus. Many peaks were specific and unique to S5H2222
T in comparison to the MALDI-TOF MS spectra of reference strains. The grouping of strains in a PCA dendrogram generated based on MALDI-TOF MS mean spectra placed S5H2222
T close to L. halotolerans JCM 19611
T , was in agreement with the close relatedness of these strains reported by 16S rRNA gene sequencing and fatty acid analysis (Fig. S4) . The results of chemotaxonomy, including whole-cell fatty acids, polar lipids, cell-wall peptidoglycans, cell-wall sugars and MALDI-TOF MS analyses, exhibited the close similarity of S5H2222
T to type strains of closely related species, which confirm its affiliation to the genus Lysinibacillus, with sufficient differences to warrant its proposal as representing a novel species of this genus. To determine the genomic DNA G+C content and DNA-DNA relatedness, DNA was extracted and purified according to the method of Marmur [18] . Thermal denaturation was performed with 5 µg of DNA in each well along with a fluorescent dye SYBR Green I (S7585, Invitrogen,) at a final dilution of 1 : 10 000. Thermal conditions comprised a ramp from 25 C to 100 C at 1 C per minute, achieved by using a StepOnePlus Real-Time PCR system (Applied Biosystems) fitted with 96-well thermal cycling block in a 96-well plate. A fluorescence reading was obtained at each step during the ramp. melting temperature (Tm)-based DNA G+C analysis by a fluorimetric method was performed in triplicates as described by Gonzalez and Saiz-Jimenez [33] . DNA suspended in the 2Â SSC was used for DNA-DNA hybridization analysis. The re-association of DNA was carried out at optimum re-association temperature (67.0 C) according to the methods of De Ley et al. [34] and Gillis et al. [35] . The genomic DNA G+C content of S5H2222
T was 39.8 mol%, which was well within the range (i.e. 35- T were 64 % (±4), 57 % (±2) and 55 % (±3), respectively. The results revealed that DNA-DNA re-association values are below 70 %, which is the cutoff point for recognition of novel species [36, 37] , and confirmed the uniqueness of S5H2222
T .
The 16S rRNA gene sequence analysis, fatty acid, polar lipid, A4a cell-wall peptidoglycan type and DNA G+C content clearly placed S5H2222 T in the genus Lysinibacillus. However, S5H2222
T differs from closely related species of the genus Lysinibacillus in several aspects, such as biochemical and physiological features, protein profile and DNA-DNA relatedness. On the basis of the polyphasic taxonomy data described above, S5H2222
T represents a novel species of the genus Lysinibacillus, for which the name Lysinibacillus telephonicus sp. nov. is proposed.
DESCRIPTION OF LYSINIBACILLUS TELEPHONICUS SP. NOV.
Lysinibacillus telephonicus (te.le.pho¢ni.cus. N.L. n. telephonum, telephone; L. suff. -icus, suffix used with the sense of pertaining to; N.L. masc. adj. telephonicus, pertaining to the telephone, the type strain was isolated from a cellular phone).
Cells are Gram-stain-positive, rod-shaped and motile with a cell size of 2-4 µm, and endospores are formed. Colonies grown on trypticase soy agar are circular, convex, have undulate margins and are pale white. Optimal temperature for growth is 37 C and can grow at 10-55 C on TS broth. Optimal pH for growth is 7.0; growth occurs at pH 5-9. Growth occurs in the absence of NaCl and can grow in the presence of NaCl at up to 10 % concentration in TS broth. Positive for catalase and oxidase activity. Shows positive results in Biolog GN III analysis for L-rhamnose, D-fructose-6-phosphate, glycyl-L-proline, L-alanine, L-glutamic acid, D-galacturonic acid, L-galactonic acid lactone, D-glucuronic acid, glucuronamide, acetoacetic acid, acetic acid, sodium lactate 1 %, guanidine HCl, nalidixic acid, lithium chloride, potassium tellurite, aztreonam and sodium butyrate. Positive results in API ZYM strips for alkaline phosphatase, esterase, esterase lipase, acid phosphatase and naphthol-AS-BI-phosphohydrolase activities. Major fatty acids (>10 %) are iso-C 15 : 0 , iso-C 16 : 0 , anteiso-C 15 : 0 and anteiso-C 17 : 0 . The cell-wall peptidoglycan type is A4a (Lys-Asp) and MK-7 is the only menaquinone. Major polar lipids are DPG, PG and PE, four unknown polar lipids are also present. The cell-wall sugars are glucose, traces of galactose, arabinose and ribose.
The type strain S5H2222 T (=MCC 3065 T =LMG 29294 T =KACC=18714 T ) was isolated from the screen surface of a cellular phone, in Pune, India. The DNA G+C content of the type strain is 39.8 mol%. 
